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SUMMARY
Compared with sections obtained from conventional embedding media (par-
affin, celloidin and frozen water), semithin plastic sections present a far better
light microscopic image, attended with less tissue distortion and shrinkage
artifacts. Chapter I, the general introduction, presents a historical review of
embedding media and applications in light microscopy, followed by detailed
information concerning the water-miscible resin glycol methacrylate. Chapters
II, III and IV deal with the effects of embedding in water-miscible resins on the
final dimensions of tissue sections. In Chapters V and VI possibilities to
standardize resin embedding systems are discussed. Chapters VII, VIII and IX
demonstrate the applications of a less toxic polymerization system. Comparisons
with existing systems have been made as well. Chapter X deals with the general
discussion.
Chapter II describes the morphometric changes liver samples undergo in the
course of fixation, dehydration, infiltration and embedding in different mixtures
of water-miscible resins. The resins under study were: three different mixtures of
glycol methacrylate (GMA) and a commercially available resin (J84). Buffered
formaldehyde fixation did not produce significant morphometric changes in the
liver specimens. Dehydration obviously affects the volume of the liver specimen
(linear shrinkage about 970). The dehydration is followed by an infiltration
phase. During this phase a slight swelling (linear, 2-5%) occurs. The final
polymerization of the resin results in a further linear shrinkage of l-27a. The
influence of different technical factors on stretching of pure GMA sections and
sections of GMA embedded liver appeared to be considerable (7-1570).It is also
shown that the temperature at which the sections are mounted is of great
importance.
In Chapter III it is shown that different plasticizers have an important influence
upon the stretching parameters of GMA sections. Also it is demonstrated that
the initiator system used may significantly interfere with section stretching.
In Chapter IV two water-miscible methacrylates used for embedding, namely
GMA and hydroxypropyl methacrylate (HPMA), are discussed. These resins
possess different physical properties. It was found that during stretching on
water and in the mounting step considerable size changes occur, which are of the
same magnitude as during the dehydration step of histoprocessing. The final
dimensions of the sections and of microscopic images are dependent on the
response to surface tension at the water surface and mounting of the GMA and
HPMA sections, respectively. Between the two resins under study, significant
differences in the size of the sections, with and without embedded liver, were
found. These observations emphasize the importance of standardizing histo-
techniques if morphometry is to be applied in both biological and clinical
settings.
ln Chapter V possibilities for standardizing the polymerization of GMA by
means of the dibenzoyl peroxide/tertiary amine initiator-accelerator system at
room temperature are discussed. Dibenzoyl peroxide is widely applied as an
initiator-accelerator system in combination with tertiary amines for the poly-
merization of water-miscible methacrylates. However, this system is very
sensitive to the ambient temperature and the evolution of exothermic heat is,
especially at room temperature (293 K), difficult to control. Temperatures
involved may increase beyond 373 K. A linear correlation between a graded
series of dibenzoyl peroxide (0.2- I .0 g7o dibenzoyl peroxide/glycol methacryate)
and the maximum temperature within the polymerizing resin was established
using a commercially available embedding system. Commercially-available
glycol methacrylates contain various concentrations of inhibitor in order to
prevent spontaneous polymerization of the monomer. We tested a series of
200-300-400-800 ppm of the inhibitor hydroquinone and found a significant
influence exerted upon the maximum temperature and the moment at which the
maximum temperature was reached. Supplementary addition of inhibitors to the
GMA monomer may effect a decrease of the maximum temperature within
polymerizing GMA mixtures.
Possibilities to obtain a high quality resin embedding medium are described in
Chapter VI. GMA samples containing a concentration of inhibitor in a range of
200-300 ppm were included in a standard embedding mixture. The pH of the
GMA samples was measured as a l07o solution of the sample in distil led water.
The acidity of the GMA, due to the presence of methacrylic acid, causes
background staining of sections after basic dyes. The concentration of GMA and
the amount of impurities like methacrylic acid and ethyleneglycol dimethacrylate
were measured by gas chromatography. Distinct variations in purity among five
samples of GMA could be determined. Sections derived from GMA samples
containing more than 270 ethyleneglycol dimethacrylate are more stable in
alcoholic and basic solutions. Sections from purer GMA demonstrated mini-
folds after the hematoxylin-eosin staining and were less stable. Addition of
crosslinkers, ethyleneglycol dirnethacrylate or triethyleneglycol dimethacrylate
prevents these unsuitable artifacts. Crosslinkers clearly influence section stret-
ching and thus dimensional changes of sections. Addition of crosslinkers to
GMA samples containing minimal amounts of methacrylic acid improved the
results.
Chapter VII deals with a new polymerization system for the embedding of soft
tissues in GMA. The polymerization of GMA is initiated by means of a
barbituric acid derivative in combination with chloride ions and dibenzoyl
peroxide. The initiator system contains no aromatic amines which constitutes a
toxicological advantage over the commonly employed system of dibenzoyl
peroxide/aromatic amine. Clear blocks are obtained from which l-2 micron
sections are easy to cut. In combination with an appropriate plasticizer,
polyethylene glycol400, serial sectioning may be practised.
In Chapter VIII the effects of dehydration fluids upon enzyme activity (alkaline
phosphatase, acid phosphatase, 5'-nucleotidase and ATP-ase) of tissues em-
bedded in GMA are under discussion. The dehydration fluids acetone, ethanol
and GMA monomer were used. GMA monomer appeared to retain most enzyme
activity followed by acetone and ethanol respectively. Two initiator systems,
dibenzoyl peroxide/aromatic amine and barbituric acid derivative/chloride ions
were compared to each other in their effects upon enzyme activity. The
combination of the barbituric acid derivative,/chloride ions system and the
softener polyethylene glycol 400 offers major advantages for enzyme histo-
chemistry to be performed on 2 pm serial sections.
Chapter IX reports the results of ways to preserve lipids in tissues embedded in
water-miscible methacrylate mixtures, GMA and HPMA. The plasticizers 2-
butoxyethanol and polyethylene glycol 400, indifferently used in several
commercial resin mixtures, influence the retention of tissue lipids. A comparison
between two initiator/accelerator systems, viz. N,N-dimethylaniline in com-
bination with dibenzoyl peroxide and a barbituric acid derivative with chloride
ions did not reveal significant differences. In comparing GMA and HPMA,
HPMA being more hydrophobic than GMA, it proved that HPMA was
unsuitable as embedding medium for lipid containing tissue. The conditions
underwhich histoprocessing of lipid containing tissue is carried out proved to be
of paramount importance. A new staining method is reported using OsOa
vapour as a pre-treatment step prior to staining the methacrylate sections. In
combination with Sudan black B or Oil red O the ultimate staining results are
remarkably improved.
In Chapter X, the general discussion, an attempt is made to interrelate the
previous chapters. This chapter also includes a discussion concerning resin
embedded tissue and correlated immunohistochemistry.
